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(54) Time division multiple access communication system 



(57) A time division multiple access communication 
system is disclosed, in which down link data are trans- 
mitted over a data channel in repeated time frames 
each containing a plurality of time slots. Down link set 
up information is transmitted over a control channel to 
indicate from which time slot a user terminal should 
extract data. Each frame on the data channel includes a 



user packet flag to indicate whether or not each time 
slot in the frame contains data. Each user terminal is 
responsive to the set up information and to the user 
packet flags to extract data from its assigned time slot in 
those frames which the slot is indicated to contain data. 
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Description 

■i, 

[0001 ] This invention relates to time division multiple 
access communication systems. 
[0002] Traditionally, user traffic in a code division mul- s 
tiple access system is circuit switched. Once a call has 
been set up, the connection is maintained throughout 
the duration of the service request. A dedicated traffic 
channel is assigned to each active user for both the 
uplink and the downlink. Each dedicated traffic channel 10 
is characterized by a unique spreading code. Through- 
out the entire session, the dedicated traffic channel is 
used exclusively by the active user. 
[0003] The circuit switched method is robust, and 
result in high system capacity by supporting: macro- is 
diversity (soft handover); power control; limited random 
access overhead. 

[0004] However, in wideband multi-service code divi- 
sion multiple access systems, extremely burst traffic 
needs to be supported. Burst traffic is supported by 20 
adjusting the data rate, and hence the spreading factor 
and spreading code. However, the need to quickly 
adjust the spreading code leads to highly complex code 
allocation algorithms. 

[0005] Another popular method for accommodating 25 
bursty services is through packet switched data. ETSI 
UMTS W-CDMA (European Telecommunications 
Standards Institute Universal Mobile Telecommunica- 
tions Service Wide Band code Division Multiple Access) 
and ARIB W-CDMA (Association of Radio Industry so 
Business Wide Band Code Division Multiple Access) 
propose to use RACH/FACH (Random Access Chan- 
nel/Forward Access Channel) to transmit infrequent 
bursty packet data. The advantage of such a scheme is 
quick set up time, dedicated channel is not required. 3S 
[0006] However, this transmission mechanism uses 
open loop power control only, and macro-diversity is not 
supported 

[0007] Against this background, in accordance with 
the invention, there is provided a time division multiple 40 
access communication system, in which down link data 
are transmitted over a data channel in repeated time 
frames each containing a plurality of time slots, and 
down link set up information is transmitted over a control 
channel to indicate from which time slot a user terminal 45 
should extract data, each frame on the data channel 
including a user packet flag to indicate whether or not 
each time slot in the frame contains data, and each user 
terminal being responsive to the set up information and 
to the user packet flags to extract data from its assigned so 
time slot in those frames which the slot is indicated to 
contain data. 

[0008] A plurality of bursty packet data users may be 
multiplexed onto the same downlink dedicated traffic 
channel. The multiplexing scheme allows low complex- 55 
ity code allocation; macro-diversity and soft handover; 
low associated control overhead; and limited closed 
loop power control. 



» * 

[0009] One embodiment of the invention will now be 
described, by way of example, with reference to the 
accompanying drawing, in which: 

Figure 1 is a schematic representation of a down 
link time frame on a dedicated transmission chan- 
nel in a communication system embodying the 
invention; 

Figure 2 is a schematic representation of a plurality 
of down link time frames in the system of Figure 1 ; 
Figure 3 is a schematic representation of a user 
packet flag in a frame on the down link in the sys- 
tem of Figure 1 ; 

Figure 4 is a schematic representation of an uplink 
data channel and the uplink control channel in rela- 
tion to the down link time frame of Figure 1 ; and 
Figure 5 shows power levels on the down link. 

[0010] In an initialisation stage, user terminals, »ag. 
mobile stations acquire slot and frame synchronisation. 
Mobile stations also perform codegroup identification 
and scrambling-code identification. After the scrambling 
code has been identified, the primary CCPCH (Comon 
Caontrol Physical Channel) can be detected, the sys- 
tem and cell specific BCCH (Broadcast Contract Chan- 
nel) information can be read. RACH will be known to the 
mobile stations. 

[001 1 ] For mobile station initiated bursty packet data 
transmission, mobile stations perform a random access 
request procedure. Based on the successful reception 
of the random access request from a mobile station, a 
base station informs the mobile station on which dedi- 
cated transmission channel packet data is to be trans- 
mitted. For base station initiated bursty packet data 
transmission, the base station simply pages the user{s) 
and indicates the dedicated transmission channel on 
which packet data is to be transmitted. The mobile sta- 
tion acknowledges setting up the dedicated transmis- 
sion channel. In both cases, mobile stations are 
informed by the base station which time slot in the ded- 
icated transmission channel frame they take packets 
from. In other words, the mobile station knows the loca- 
tion of the slot in the dedicated transmission channel 
time frame to receive packets if there are any. 
[001 2] The downlink dedicated transmission channel 
is organized as shown in Figure 1. A dedicated trans- 
mission channel time frame consists of 16 time slots. 
The first slot is used to transmit a user packet flag indi- 
cating the location of a packet which is addressed to a 
specific user. The rest of the slots in the frame will be 
used to transmit data user packets to the users. 
[0013] Control information (pilot, transmission power 
control, and rate information) is transmitted on dedi- 
cated physical control channel and data information is 
transmitted on dedicated physical data channel. The 
control channel and data channel are time multiplexed 
as shown in Figure 1. The dedicated physical data 
channel carries user packets and user packet flag infor- 
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mation. 

[001 4] A common situation jn the dedicated transmis- 
sion channel is that not all frame slots are filled up by 
user packets. This is shown in Figure 2 where three suc- 
cessive frames are shown. 5 
[0015] To multiplex bursty packet data users onto a 
single physical dedicated traffic channel a simplified 
orthogonal spreading code allocation is utilized while 
maintaining most of the benefits of virtual circuit trans- 
mission. 10 
[001 6] The user packet flag (UPF) is composed of 1 5 
fields, corresponding to at most 15 slots for user pack- 
ets in a frame 

UPF=[UPF1 , UPF2, UPF3......UPF15] is 

[0017] Each field of the user packet field UPF indi- 
cates the status of a corresponding slot (whether there 
is a packet for the specific user or not) 

20 

UPFi = status 
where 

25 

(- 0 no packet 
status = -I 

L 1 a packet 



[0018] The user packet flag UPF is merely a bit 
sequence of length L. Typically, L is equal to 15+1 35 
(including first bit = 0 permanently), since in the embod- 
iment at most 15 users are assigned to receive bursty 
packet data from the dedicated transmission channel. 
As soon as mobile stations receive the user packet flag 
UPF they will be able to identify if there is any packet for 40 
them contained in the frame. If there is, they extract the 
relevant packets. An example of a user packet flag UPF 
is shown in Figure 3. This UPF pattern (UPF-6A9 I H) 
indicates that there are packets in the frame for the 
users presently associated with the time slots identified 45 
by: 

Userl, User2, User4, User6, User8, User11, and 
user15 

50 

and that there are no packets in the frame for the 
users presently associated with the time slots identified 
by: 

User3, User5, User?, User9 User10, User12, 55 
Userl 3 and User 14 

[001 9] The flag for time slot zero UPF0 is always set 



as 0. The user packet flag UPF contains important infor- 
mation. To make it more robust, repetition can be used 
to obtain diversity gain, e.g. each bit may be repeated at 
least once. 

[0020] Control information (Pilot, TPC [Transmission 
Power Control], an&RI [Rate Information]) is transmit- 
ted in evtery slot on the dedicated transmission channel 
DTCH (Dedicated Traffic Channel), even when there is 
no user data. Therefore, soft handover, as well as lim- 
ited closed loop power control, still retains. 
[0021] Since downlink bursty traffic transmission is 
removed to a dedicated transmission channel DTCH 
rather than FAGH, traffic on RACH/FACH loop 
decreases. Consequently, probability for random 
access increases, resulting in a decrease of blocking 
rate. 

[0022] Tfie uplink transmission is not time multiplexed; 
each user* is assigned a unique spreading code, as 
shown in Figure 4. Since the control channel is transmit- 
ted continuously for each user in the uplink, the base 
station is able to monitor the received power continu- 
ously. However, the BTS (base tranceiver station) is lim- 
ited in the number of power control symbols it is able to 
send each user. In fact, the BTS only transmits a TPC 
symbol relevant to an individual user, during the slot 
assigned to that user. Consequently, the user may 
receive as few as one TPC symbol per frame. The 
uplink power control is limited, not in the quality of the 
information, but in how often the information can be 
transmitted. Hence, to maximize the effectiveness of the 
uplink power control, and to limit intra-cell interference, 
the uplink data should be transmitted as soon as possi- 
ble after receiving the TPC symbol for the multiplexed 
downlink channel. The offset time, as displayed in Fig- 
ure 4, should be kept to minimum. Fortunately, it is 
expected that there will be a high degree of asymmetry 
in W-CDMA bearer services. The amount of uplink data 
will be very small in relation to the downlink data. There- 
fore, the uplink data can be concentrated in time, and 
sent shortly after receiving the TPC symbol. 
[0023] The uplink power control scheme specified in 
UMTS limits the BTS to one symbol during the slot 
assigned to that user on the down link. Since mobile 
stations would receive their power control symbol inter- 
mittently, e.g. one per frame, due to the bursty nature of 
the downlink transmission, the rate of adjustment may 
not be sufficient to keep up with changing uplink power 
requirements. In order to improve the position, a further 
piggy back symbol is used to transmit power adjustment 
information in each slot on the downlink, so that the 
power adjustment required is transmitted in two sym- 
bols. 

[0024] In each time slot, the data is destined to a par- 
ticular user only. However, the pilot symbols are used by 
all users. Therefore, the downlink transmit power of the 
pilot symbols must be constant and high enough for all 
users to properly receive. The data portion may be 
adjusted for each user. Each user's continuous uplink 
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control channel contains all downlink power control 
symbbls defined for a dedicated traffic channel. Hence 
the downlink can adjust the power level of user data 
properly as shown in Figure 5. 

5 

Claims 

1 , A time division multiple access communication sys- 
tem, in which down link data are transmitted over a 
data channel in repeated time frames each contain- 10 
ing a plurality of time slots, and down link set up 
information is transmitted ov^r a control channel to 
indicate from which time slot a user terminal should 
extract data, eafch frame on the data channel 
including a user packet flag to indicate whether or is 
not each time slot in the frame contains data, and 
each user terminal being responsive to the set up 
information and to the user packet flags to extract 
data from its assigned time slot in those frames 
which the slot is indicated to contain data. 20 
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